Background: While many studies have previously focused on fingolimod's effect on immune cells, the effect it has on circulating and local central nervous system platelets (Plts) has not yet been investigated. This study will elucidate what effects fingolimod treatment has on multiple sclerosis (MS) patients' plasma Plt levels. In addition, it will propose possible reasoning for these effects and suggest further investigation into this topic.
INTRODUCTION
Multiple sclerosis (MS) is a chronic autoimmune disease that causes deterioration of the myelin sheath leading to a myriad of neurological symptoms. Both physical and cognitive symptoms are frequently observed in MS patients. The disease can lead to increasing levels of disability. There is still no understanding of what causes MS or a cure for the disease. Fingolimod is an immunomodulatory drug that has recently been approved for the treatment of MS. It was the first oral medication approved for the treatment of MS, most notably for relapsing-remitting MS (RRMS). Other drugs that are injectable or given intravenously can be ineffective in RRMS. It is the first sphingosine 1-phosphate (S1P) receptor modulator to be approved as a medication for any disease. [1] Sphingolipids are a class of signaling molecules that are most densely expressed in the brain. [2] Fingolimod acts by agonizing the S1P 1 receptor and producing a subsequent down-regulation of the receptor's expression. [3] S1P 1 functions by allowing lymphocytes to leave the lymphoid tissues and enter the circulation. When fingolimod is used, this function is interrupted thereby preventing some lymphocytes from entering the central nervous system (CNS). [4, 5] Fingolimod also has the ability to cross the blood-brain barrier (BBB), which allows it to directly affect the CNS. [6] The most exciting aspect of fingolimod may not be in its action but in its mode of administration. There are currently only three oral medications on the market for treating MS, including fingolimod. All other MS treatments involve either intravenous administration or subcutaneous injection. Patient compliance for oral drugs is much higher than more invasive ones. [7] Fingolimod has shown promising results so far. The drug has been able to produce remission in patients with severe RRMS and some cases ease of nonremitting forms of MS. [8] [9] [10] [11] Fingolimod, like most drugs, is not without risk. The most serious include heart conditions such as atrioventricular block and symptomatic bradycardia. These cardiovascular effects are most likely caused by the down-regulation of S1P 1 receptor function fingolimod causes. Sphingolipids have been indicated as cardiovascular protectants that promote a regular heart rate. [12] In rare cases is can also cause severe herpetical viral infections and macular edema. [11, [13] [14] [15] Cardiovascular side-effects may be more common in patient populations than suggested by clinical trials. [16] In a Phase III trial, one woman died who did not have varicella-zoster virus (VZV) antibodies due to a lack of being immunized or previously having the chickenpox. When she contracted a primary infection while on fingolimod the results were deadly. [1] In certain rare cases, patients on fingolimod developed aggressive skin cancer after the drug suppressed their immune function. [17] The increased risk for skin cancer is also common with other immunomodulating MS therapies. The most common side-effects include fatigue, headache, back pain, diarrhea, and flu-like symptoms. [10] This is the first study, to our knowledge, that will investigate the effect fingolimod administration has on a patient's platelet (Plt) count. There have been many studies on fingolimod's effect on lymphocyte populations. Most studies, both experimental and observational, cite fingolimod's ability to produce lymphopenia, or a low lymphocyte count. [18, 19] In vitro, fingolimod increased populations of regulatory T cell populations, further supporting the claim that the drug actively suppresses immune function. [20] These results are controversial. There have also been studies citing a decrease in these regulatory T cells after application of fingolimod, or no significant change. [21, 22] Investigating the effect fingolimod has on Plt count in the MS population is important to deduce what health risks the drug poses for long-term usage.
METHODS

Study design and participants
This quasi-experimental study was performed on 80 patients who were diagnosed with definite MS (15 men and 65 women). All participants were Iranian and residing in the Isfahan province. The study population of this investigation was selected from the Isfahan Multiple Sclerosis Society (IMSS), the only referral system in Isfahan. All individuals were given definite diagnoses of MS from neurologists using McDonald's criteria. The severity of the patient's disability was assessed using the Expanded Disability Status Scale. Other clinical characteristics and paraclinical features were obtained using patient recall, the IMSS, and taking patient histories. In addition to giving an explanation about the study, written informed consent was obtained from all MS patients who were included in the study before initiation of the study procedure. The Ethnical Institutional Committee of Kashan University of Medical Sciences also approved this study's protocol.
Procedures
Before initiating fingolimod treatment of the MS patients, 3 ml of venous blood were collected from all subjects using routine venipuncture method and was stored in tubes containing EDTA as an anticoagulant. Since the time of blood sampling (day or night) and physical activity can considerably affect the individual level of Plts, all blood samples were collected in the morning without previous physical activity. The Plt counts were determined using an automated cell counter within 24 h after collection. The cell count was done at the immunology laboratory of Isfahan University of Medical Sciences. Fingolimod can only be given to patients who have antibodies against the VZV. Patients who have never had the chickenpox and never received the varicella vaccine were immunized with it 1-month prior to starting fingolimod therapy. In order to ensure that the antibodies for VZV were present in the patient's blood, serology testing for varicella immunoglobulin G was done. After the first blood sampling, fingolimod treatment was immediately initiated. One month after beginning fingolimod therapy, all cases were called back to the IMSS and 3 ml blood samples were again obtained. The Plt counts were determined in the same manner as mentioned above. Again, other clinical features and paraclinical characteristics were obtained using a questionnaire required of all participants.
Statistical analysis
Statistical analysis was performed using SPSS for hardware (version 20, IBM, Chicago, IL). Our data were normal according to Kolmogorov-Smirnov test. Furthermore, paired sample t-test and independent sample t-test was used for other statistical analysis. All tests were two-tailed, and P < 0.05 was considered as a significant threshold.
RESULTS
A total of 80 MS patients (15 men and 65 women) with a mean age of 32.65 ± 8.12 and the average age at onset of 29.68 ± 7.94 were enrolled in this study. However, during the study 14 of them were excluded due to treatment-related complications, including cardiovascular, hepatic, gastrointestinal, hematologic, and dermatologic complications. The most frequent complications reported were cardiovascular and skin problems. All of the patients were diagnosed as cases of RRMS according to the McDonald's criteria. Table 1 summarizes other general characteristics and clinical features of the studied patients.
The mean level of Plts before initiation of fingolimod therapy (Plt1) among these MS patients was 256.53 ± 66.26. After 1-month of fingolimod treatment the Plt level yielded an average of 229.96 ± 49.67 (Plt2). This number is significantly lower than the average Plt count before treatment (P < 0.01). Before initiation of treatment, the average Plt counts for men and women were 229.81 ± 53.54 and 261.87 ± 67.67, respectively. After 1-month of follow-up the level of Plt reached 198.27 ± 35.76 and 236.30 ± 49.88 among men and women respectively. This shows a statistically significantly decreased level of Plts circulating in both men and women. This reduction was more considerable among women (P = 0.03 in men, P < 0.01 in women) [ Table 2 ]. Our data showed that the vast of majority of the cases had decreased Plt count after 1-month of treatment with fingolimod.
Prior to the treatment, there was no significant difference between women and men relating to their Plt count (P = 0.14), whereas after 1-month of beginning of the treatment, the Plt count of women was significantly higher than that of men (P = 0.01).
We did not have any patients, whose Plt count dropped below the reference limit.
DISCUSSION
Our results show a statistically significant decrease in Plt levels for patients taking fingolimod oral medication for 1-month. Plt counts were decreased in the entire cohort and in both males and females separately. The reduction in Plt count for women was more significant than that for men. Although these average levels did not drop below the "normal" range for adults, it should be noted that these levels are after only a month of treatment. Further investigation will need to be done to determine what the long-term effects are taking fingolimod. While we do not have any other references to compare these results to, we do have a vast expanse of knowledge about the health risks fingolimod treatment poses. There is a significant lack of knowledge about what the long-term effects of taking fingolimod might be for different patient profiles. [23] Another concern is how cessation of fingolimod treatment affects the course of MS progression. [24] There is a dose-dependent relationship between fingolimod and adverse reactions to the drug. Most severely, fingolimod users experience herpes zoster infections and cardiovascular effects including bradycardia. [25] In an interesting study, Ocwieja et al. [26] have investigated Plt function in healthy volunteers taking fingolimod. They found that the treatment had no significant effect on Plt function.
Besides the obvious health risks a continually decreasing Plt count suggests such as an increased risk of bleeding, this information is crucial to understanding the function of sphingosine receptor for S1P. [27] A decreased level of blood plasma S1P has been demonstrated after the myocardial infraction in rats. This same study found a sharp decrease of S1P in Plts after myocardial infraction. [28] Aspirin is an anti-Plt drug that is often given to patients who have experienced negative cerebrovascular events. While a low-dose of aspirin might produce increased levels of S1P in the blood plasma, a higher dose can cause lowered levels of circulating S1P. [29] If patients are experiencing cardiovascular symptoms from taking the drug, aspirin may be an option for treatment that could interfere with fingolimod's effectiveness.
The decrease in Plt count in these patients, however, may be a positive force for protecting against MS. Plts have recently been identified as a mechanism used in neuroinflammation. [30] Recent studies suggest Plts as a sort of neuroinflammatory instigator that uses a compromised BBB to recruit and activate immune pro-inflammatory cells. [31] In the mouse model for MS, experimental autoimmune encephalitis and in humans, Plts were found in brain lesions suggesting this critical role Plts have in neuroinflammation. [32] This is a new and controversial idea. However, it suggests that fingolimod's effects may not be completely reliant on reducing classic autoimmune cells, such as lymphocytes. The reduction in Plt count may be the reason for fingolimod's success. If so, this suggests that further treatments for autoimmune diseases such as MS could rely only on lowering Plt counts to produce minimal side-effects for maximum gain. By avoiding the targeting of lymphocytes, many extreme side-effects such as rampant skin cancer and herpetical infections might be avoided. Although Ocwieja et al., has earlier investigated the role of fingolimod in Plt count, there is not many evidence with regard to the possible mechanisms that may have impact on the Plt count and function, therefore, decreased Plt count after fingolimod therapy that has been found in our study can show importance of investigating possible underlying mechanisms in future studies. The role Plts have in MS and in fingolimod treatment needs to be further investigated in humans in order to elucidate these further treatment options.
CONCLUSIONS
Our results show a sharp decrease in Plt counts following fingolimod treatment. This is an area that has not been investigated previously in regards to fingolimod's possible long-term effects on patient health. The decrease did not produce an average patient level below health normal levels. However, this study was only done 1-month after fingolimod treatment was initiated and as a limitation had no control group. Further analysis of long-term users will need to be done in order to investigate how drastic the Plt depletion is. Our results also suggest that fingolimod's effectiveness may lie in its ability to reduce Plts in MS patients. This is an important step forward in treatment options for MS and other autoimmune diseases. If Plts can be directly indicated in autoimmune pathogenesis, then perhaps they can be used as a primary target in treating these diseases.
